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    "Blockmeer" or  "Blockstrom"  (boulder field) has been known at various 
places in the middle latitudes, and is regarded as the product formed under periglacial 
condition in Pleistocene. For example, Wilhelmy (1958) studied it in detail at 
many places in middle Europe, Klaer  (1956) in Corsica, and Smith (1949, 1953) 
in southern Wisconsin and Pennsylvania,  U.S.A. 
   On the contrary, little has been known in Japan, about Blockmeer or Blockstrom 
clearly identified as the product under periglacial condition, except in the vicinity of 
high mountains where cirques were formed in Pleistocene (M. Shiki 1961). Recently, 
however, as various studies on periglacial morphology are carried out, the existence 
of accumulated boulders resembling Blockstrom came to be known also in the 
lower mountains. For example, H. Suzuki (1961) reported about these forms in 
 HokkaidO, the present writer (1962, 1963) in the  TOhoku district, K. Nishimura 
(1940) and S.  Iwatsuka (1961) in the KwantO district, S. Imamura (1963) in the 
 Chfigoku district, and V. Ichinose and M.  Oya (1961) in the  Kyfisha district. 
   In these papers, it is generally mentioned that these accumulated boulders 
resembling Blockstrom are fossilized or are undergoing the process of degradation 
at present, but they do not always agree one another as to the mechanism of the 
development of these forms. At present, we know too little concerning topographic 
and climatic conditions in Pleistocene in these regions. At least, those are slightly 
different from those of middle Europe and North America. It is necessary to study 
 sufficiently whether the similarity of the forms means the analogy of the mechanism 
and age of the formation. In several places in the Abukuma and Kitakami Mountain-
lands, landforms of accumulated boulders are observed. However, the writer has 
not ascertained yet the positive evidence to indicate that these forms are true 
Blockstrom, so that the writer describes features of these forms and will confine him-
self to make a few remarks in this paper. Detailed considerations will be made in 
future. 
   The writer confesses his sincere thanks to Prof. T. Noh, Prof. K.  Nishimura and 
Mr. T.  Walo5 of the Institute of Geography,  Tahoku University , and Assist. Prof.
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K. Doi, Faculty of Education, Shizuoka University for their suggestions. 
 1. The Abukuma Mountainland. 
   A) Topographic settings. 
   The  Abukuma Mountainland lies in the northeastern part of the Honshu Island 
with its major axis in the north-south direction. In this mountainland composed of 
old granite and grano-diorite in Paleo- and Mesozoic Era, several different levels of 
uplifted peneplains are observed. Y. Nakamura (1960) has recognized three diffe-
rent levels of uplifted peneplains  (Level- 800-1000 m, Level- 1 560-660 m and 
 Level-11  300-540 m) in the northern part of this mountainland. Level-I consists 
of the mountain crests with nearly identical height, and in the vicinity of these 
mountain crests, gentle slopes spread down toward mountain-foot in many places 
and are connected with Level-  I  . The writer observed accumulated boulders at 
two places in the lower part of these gentle  slopes  : one of them is situated at the 
western foot of Mt.  KOdaishi and the other is found at the southern foot of Mt. 
 Hakubaishi. Bedrock in the vicinity of the former is composed of biotite-granite 
and that in the vicinity of the latter old grano-diorite. 
   B) Landforms of accumulated boulders and its environs at the 
       western foot of Mt.  Kradaishi. 
   The main section of the bouldery area at Mt.  Kalaishi (863.7 m) is found at A in 
Fig. 1. At this place, one shallow valley stretches from the mountain-side to 
mountain-foot, in which numerous boulders are so closely packed that the general 
surface of the bouldery area shows an aspect resembling  Blockstrom. Many boulders 
are 1-2 meters in diameter but the largest one reaches 3 meters. The form of 
boulders is generally similar to so-called  "Wollsack", but some of them have sharp 
corners. The color of boulders is  dull, as the mottling by dark-colored lichens is wide-
spread, nevertheless boulders are fresh and hard. The soil is not thick, but between 
boulders, small trees grow. 
   The main section of this bouldery area is a tape-shaped narrow tract measuring 
10-20 meters by roughly 400 meters. At some localities, the sound of running 
water is audible under the boulders. The axial gradient of this bouldery area is 
5°-6° on an average, with local variations (Photo. 1). At many places, the margins 
of the bouldery area come in contact irregularly with the soil-covered bouldery 
patches at the  mountain-foot slopes. in this case, the bouldery area seems to be 
spreading by marginal sapping of the soil-covered patches. 
   From the above-mentioned facts, it is not considered that these boulders are 
moving down at present, but are  stagnant  in the general trend .
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     Photo. 1. Surface appearance of
        Mt.  Kadaishi (A in Fig. 1).
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that these rock ledges have been of "Nahrgebiet" (nourish bodies) of boulders to the 
above-mentioned bouldery area. 
   In this region, moreover, smaller landforms of accumulated boulders than that 
at A in Fig. 1 are observed in several smaller valleys. 
   C) Landforms of accumulated boulders and their environs at the 
       southern foot of Mt. Hakubaishi. 
   Mt.  Hakubaishi (821.4 m) is situated about 2.5 km to the southwest of Mt. 
 KOdaishi. In this region, accumulated boulders are situated at B and C in Fig. 1, 
but they are of minor scale than those in the region of Mt.  Kadaishi. 
   In the vicinity of B in Fig. 1, shallow valleys and spurs develop alternately. 
Several lines of small scale accumulated boulders are observed in these valleys. In 
general, those are narrow tract measuring roughly 10-20 meters by 100-150 meters. 
In the upper parts of these valleys, the gradient is nearly  20° and the accumula-
tion of boulders is not so close to make one get the impression as Blockstrom. In 
the middle parts of these valleys, the gradient decreases to about 15°, and 
Wollsackform-boulders  1-2 meters in diameter are plugged up fairly closely. 
Some of these boulders correspond to heads of bedrock, but most of them were 
transported from valley-sides and upper part of these valleys. In the lower parts of 
these valleys, the gradient becomes less than 10°, boulders are reduced gradually, 
and are buried under the blackish humus. At C in Fig. 1, there is a bouldery area                  
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    Photo. 3. Surface appearance of the accumulated boulders at the southern foot of 
       Mt. Hakubaishi (C in Fig.  I).
206 S.  MATS  UMOTO
resembling Blockstrom, 30 meters in width and 150 meters in length. Its gradient 
is about  6° on the average. The diameter of boulders is  1-2 meters, and those 
forms are of nearly  Wollsack (Photo. 3). 
   It is thought that the running water under boulders is of small scale, and is 
incapable to transport these boulders, but is merely doing the gradual flushing of 
interstitial earthy soil. 
   On the mountain-sides and the mountain-tops, often crop out large rock 
 ledges resembling Felsburg or Klippe, showing almost vertical free faces up to 10 
meters in height (Photo. 4). These ledges are penetrated at intervals of 1-2 meters 
by  joints of three directions, which are at right  angles mutually.
       t... '1! •V:VA 
            Photo. 4. A rock ledge resembling  "Felsburg" on the south-facing 
                mountain-side of Mt. Hakubaishi. 
   In the Abukuma Mountainland including these places  (KOdaishi and 
Hakubaishi), the deeply-weathered horizon of granite and  grano-diorite is observed 
in large numbers, in which many core stones of Wollsackform remain (Photo. 5). 
It can be considered that the  Nahrgebiet of bouldery area was mainly rock ledges,
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                            4.9f, • 
      Photo. 5. An example of deeply-weathered horizon of grano-diorite, in which 
          many core stones  of  "Wollsackform" can be seen. 
but there is no doubt that a part of the "Lager" was deeply-weathered horizons. 
IL The Kitakami Mountainland. 
   A) The  Sarugaishi River basin. 
   The Kitakami Mountainland is located at the northeastmost of the Honshu 
Island and has the major axis of the north-south direction. 
   The Sarugaishi River comes from the central part of this mountainland, runs 
toward the west, and finally flows into the Kitakami Valley. As to this Sarugaishi 
River basin, T.  Wak5 (1963) made the climamorphological investigations, and he 
has reported mainly on cryopediment and relict soil. 
   In this paper, the writer describes landforms of accumulated boulders at 
three places in this river basin. All of them are contained in the northern side of 
the middle course of the Sarugaishi  River: on the southeastern slope of Mt. 
Terasawa, on the southeastern slope of Mt. Hakugin, and on the neighborhood of 
 KOmoriiwa, respectively. 
   Several different levels of uplifted peneplains have been known in the Kitakami 
Mountainland. Near the top of Mt. Terasawa and Mt. Hakugin, there is a relic of 
the uplifted peneplain  600-1000 meters high. 
   The bedrock of  these three places is composed of grano-diorite.
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   B) Landforms of accumulated boulders and their environs at the 
       southeastern side of Mt. Terasawa. 
   Near the top of Mt. Terasawa (710.8 m), there is the uplifted peneplain that 
gradually increases its altitude toward the north, and its gentle surface turns 
sharply into valley-side slope at the height of about 600 meters. On  these slopes 
facing the southeast, there are several bouldery areas resembling Blockstrom, two 
of which are relatively large in scale (D in  Fig. 2). These are about 200 meters
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Photo. 6. A bouldery area at 
   the  lower part of valley. 
   Boulders are filled up with 
   thick interstitial soil, 
   hence, the land surface is 
   used as cropland and only
   scattered tops of boulders 
 are visible.
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    Photo. 7. An example  of large boulder in the bouldery area at the southern foot 
        of Mt. Terasawa (D in Fig. 2). 
long, 10-20 meters wide, and several meters  thick. The gradients are not less 
than 15° in the upper part of valleys, 10°-15° in the middle part, and less than  10° 
in the lower part (Photo. 6). Boulders are generally 1-2 meters in diameter but the 
largest ones reach 6 meters. The form is  Wollsack in general (Photo. 7). 
   In these  bouldery areas, interstitial earthy soil generally has not fully been 
flushed as yet (the tree-covered bouldery area), excepting the middle part of 
valley. As the running water under boulders is weak, it is impossible to transport 
these boulders. The lower end of bouldery area is discontinuous and termi-
nated with a cliff 10 meters high from the floor of the Miyamori River (a tributary 
of the Sarugaishi  River). 
   Felsburg- or Klippe-like rock ledges on the upper slopes are not so clear as 
those in above mentioned regions in the Abukuma Mountainland. 
   In this region, some  bouldery areas in small scale are also observed on the slopes 
facing the southwest. 
   C) Landforms of accumulated boulders and their environs at the 
       southeastern side of Mt. Hakugin. 
   Near the top of Mt. Hakugin (732.4  m), the small relic of the uplifted peneplain 
is observed, but the boundary between this gentle surface and mountain-side slope 
is not so clear as it is in Mt. Terasawa. 
   In a shallow valley in this mountain-side, boulders have been accumulated in
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a considerable number (E in Fig.  2), but as compared with bouldery areas above 
mentioned, the ratio of interstitial space is higher , therefore, the impression as 
Blockstrom is not so strong. Boulders are 1-2 meters in diameter but the largest 
ones are several meters and the form is of  Wollsack in general . The gradient is 15° 
on an average. Vegetation is considerably thick, so that it is particularly difficult 
to traverse this valley. 
 Felsburg-like rock ledges are scarcely observed but free faces of several meters 
in height have been exposed on the mountain-side in several places . 
    In the upper part of the mountain-side , boulders 4-5 meters in diameter are 
scattered on the slope (the gradient is 30°-40° in general), arranged in the direction 
of the maximum gradient, so that viewing from a distance , those have some 
 resemblance to Karrenfeld. Boulders are fresh and hard, but they are split into 
two or more on the slope, and the fragments stand upside-down or lean one 
another, or slant onto their mother boulders with gaps a few decimeters wide. 
These fissure  planes have sharp edges and the split boulders look like potatoes in 
halves (Photo. 8).
                                                                                                                                                                           
, • 
,4_,• ,, • 
                                                                           ove. 0 41.,  ..•                                           pr ' 
                                                                                                      , ; ••••,,e" 
                                                                                    , ,   'r.,I
....,,, 
                                                                                   ''                                                                                                                                                                                                                                                     
•                                                                                                                                                                                                                  
,....-.-. , 
              / .ip,Ile„if--i,:•;'-:"'-'4i.4            ..- 7-, r.,.                    .1.,'/'"'1.'-  -: -  - , %'',  ,ei.-4-;'.;;.,                     Ilf,-.---`11.. ...s. 71--Ok ....A';',---,--;1=                                 ;t_ 0.51'7.%,,ts,‘‘,--.1 ,C.'4.:':tikNal^N,,'.'t,'  114,'.-q', 
a   
. ,.. 
                      
,c-ii,../rp:wi:,,vr.4.,,1,..,-7,47/..:_.3„,.../...1,,r,..,41•1                                 .,, ,., . IN , yil. . • . , v1/4.' At .,. 
                                                       ..-1(1,c,-, ,,,L'4 ,11V„,,4-:.',,"W.,..:t.4-4-;''4,                                     .,,F\ " ''i.,,,.4.,/,i1r.Y4.,=.' , .  ;,,--,,,-,51 p',...,31'•./.,....; 
      Photo. 8.  A  broken fragment  of  boulder on  the upper slope in  Mt .  Hakugin. 
   There is no definite evidence to know whether these boulders are stagnant or 
are moving at present, but at least the individual movement of boulders in small 
dimensions can not be denied so far as gravitations and weathering are active . 
   On the western and eastern foot of Mt.  Hakugin, small scale bouldery areas are
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in existence in shallow valleys. In these places, boulders are filled up with thick 
interstitial soil, and the land surface is covered by grass or used as cropland. Only 
scattered tops of boulders are visible. The running water under these sediments is 
now flushing interstitial soil gradually. Consequently, small depressions resembling 
doline are formed in several places, where we can confirm the accumulation of 
boulders. Therefore we can consider these forms as potential Blockstrom. 
   The  "Stromung" of boulders in this  region was not necessarily an occurrence 
in one age, but it is not evident whether the movement took place in periods clearly 
distinctive or in sub-phases of one age as a whole. At any rate, these forms are 
discontinuous to the alluvial surface in the river. 
   In the Kitakami Mountainland  including this region, it is  observed  that there is 
a  deeply-weathered horizon of grano-diorite with many core stones of Wollsackform. 
It was reported by  Wak5 (1963) that the  surface layer in these horizons was 
reddish brown in color, indicating that there was an age when the deep-weathering 
developed in the vast range of this mountainland.
Photo. 9. Boulders at 
   (F in  Fig.  3). 
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   D) Landform of accumulated boulders at  KOmoriiwa. 
   At about 13 km toward WNW from Mt. Hakugin, there is a mountainous 
region of grano-diorite, in which bouldery areas are observed in shallow valleys in 
south-facing  slopes.  K5moriiwa (bat rocks, literally), about 300 meters high, is 
the largest one of these (F in Fig. 3). Boulders in this place are generally 1-3 meters 
in diameter, and are of the typical  Wollsackform. The interstitial soil are gone, 
partly exposing the barren aspect (Photo. 9). Among boulders there are hollows, 
into which men can creep, and there dwell many bats. The hollows are several 
meters deep, and the sound of the water running on the bottom is sometimes audible. 
This bouldery area is roughly 10-15 meters by 60 meters and the gradient is within 
the limit of  8°-20°. 
    Judging from environs of bouldery area and the accumulated form of boulders, 
this bouldery area is fossilized at present. In addition, evident rock ledges can 
hardly be observed. 
III. Considerations and further problems. 
    As above mentioned, landforms of accumulated boulders resembling Blockst-
rom are observed at several places in the granitic or grano-dioritic region in the 
Abukuma and Kitakami Mountainlands. These forms have similar characteristics, 
except minute  differences  ; boulders are generally closely packed in shallow valleys 
and interstitial soil has been considerably flushed  away; in some cases trees grow 
in such places, in other cases the land is  barren  ; boulders are from 1 to 3 meters 
in diameter, and are of fresh and hard Wollsackform; in spite of the variousness 
in the length of bouldery areas, the gradients are roughly  5c-15°. 
    From the conditions of boulders, the vegetations, the gradient, the relations 
with adjacent landforms, and the discontinuity with alluvial surface in the river floor, 
these accumulated boulders are best explained as a relict or a fossil phenomenon, 
and the main process that is active at present is the gradual flushing of interstitial 
soil. 
    On the slopes above these  bouldery areas, there are often rock ledges resembling 
Felsburg or Klippe, and it can be easily supposed that these were  Nahrgebiet 
(nourish bodies) to bouldery areas, but these rock ledges are obscure at some places. 
 The characteristics above mentioned are in many points similar to those that the 
writer observed formerly in the Chfigoku  Mountain]and, southwestern Japan (as 
to  those S. Imamura (1963) has  reported). 
    What comes into question in the first place is that of the mechanism and the 
age of transportation of boulders. As to this problem, two possible explanations
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can be presented . Firstly, it can be considered that these forms are the long-con-
tinued, repeated accumulation as individual movement of boulders . Certainly this 
explanation seems more appropriate where they are close to  Ndhrgebiet . This, 
however, is not satisfactory to explain following  facts: boulders are closely packed 
in the narrow valley-flat of low gradient , there is no difference in a valley on the 
form of boulders , these accumulated boulders look like a relict or a fossil phenomen-
on. 
   The second explanation is that there was an age when the powerful "Massen-
bewegung" (mass movement) took place by some unknown reason. 
 In order to make transport boulders on the low gradient slope, enormous energy 
is needed. If some kind of lubrication existed among boulders at the time of 
these transport, those movements would not be difficult. Among accumulated 
boulders in these regions, the earthy matrix is still in existence, hence it can be 
easily supposed that this earthy matrix played an important part as the lubrication 
at the time of the transport of boulders . In this case, the earthy matrix was of 
the  fine-grained material in the deeply-weathered horizon of granite or grano-dior-
ite, and boulders would have flowed as  so-called  "Schlarnm-Blockstrom" . 
   It is generally considered that Massenbewegung in this method occurred 
under periglacial conditions in Pleistocene (S. Judson 1949,  H.T.U. Smith 1949, 
1953, W. Klaer 1956, H. Wilhelmy 1958,  M. Schick 1958,  0.  Franzle 1959, etc.). 
In these regions above mentioned , to suppose these conditions is better explained 
(T.  Wak5 1963), but on the contrary, there is also a posibility of the transport by 
means of so-called normal landslide. As to these possibilities, the positive evidence 
does not exist at present. 
   In the second place, "Blockbildung" gives rise to discussion. In respect to 
this problem, two explanations have been advocated too. One of them is the theory 
originating from "Frostsprengung" (S. Judson 1949, H.T.U. Smith 1949, 1953, 
 J. Palmer and J.  Radley 1961, etc.), and the other is the core stones theory orig-
inating from the deep weathering (D.L. Linton 1955, W. Klaer 1956, M. Schick 
1958, etc.).  Willielmy (1958), however, has explained by classifying both cases 
from the genetic veiwpoint. 
   In many places of these regions, there is a thick  deeply-weathered horizon of 
granite or grano-diorite, in which many core stones are found. Some of the boulders 
are cracked with sharp corners, but these splits were made after the formation of 
 Wollsackform. As above mentioned, there was an age when the deep weathering 
took place extensively in these regions, hence, there is no doubt about that an 
important part of Blockbildung is attributed to the deep weathering. The similar 
origin can be considered with reference to rock ledges resembling Felsburg or Klippe.
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   In short, as to landforms of accumulated boulders in  these regions, the processes 
of development may be considered in the following three  stages  : 1) Blockbildung 
originated from the deep weathering, 2) subsequent cropping out and destruction of 
rock ledges resembling Felsburg or Klippe and core stones by some (unexplained) 
 mechanism—the transport of boulders resembling  Schlamm-Blockstrom, 3) the 
present gradual flushing of interstitial earthy soil. 
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